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(57) Abstract: A composition including a polyalphaolefin and at least one alfol alcohol tfnft function as drag reducing agent slurries 
Q and a process for the preparation of the drag reducing agent slurries are disclosed. The process includes contacting alpha olefin 
^ monomers with a catalyst in a teactant nnxtme to form a polyalphaolefin. The polyalphaolefin is combined with at least one alfol 
^ alcohol to form a diag reducing agent sirniy. A process for reducing drag in a conduit is d» disclosed. 
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DRAG REDUCING AGENT SLURRIES HAVING 
ALFOL ALCOHOLS AND PROCESSES FOR 
FORMING DRAG REDUCING AGENT SLURRIES HAVING 
ALFOL ALCOHOLS 

RELATED APPUCATION 

This plication claims flie benefit ofU. S . Nan-Ptovisioiial Patent Application Serial No . 
09/877341, filed June 8, 2001. 

BACKGROUND OF THE INVENTION 

L Field Of The Invention 

This invention relates to diag reducing agent slurries, and in particular, drag reducing 
agent slurries having alfol alcohols used in methods for improving flow ofhydrocarbons through 
conduits, particularly pipelmes. The invention also relates to mefliods for making drag reducing 
e^ent slurries. 

2. Description Of Related Art 

Generally speaking, the flow of liquid m a conduit, such as a pipeUne, results in frictional 
energy losses. As aresult of this energy loss, the pressure of ib& liquid in the conduit 4ecreases 
alongtheconduitmfliedircctionoffheflow. For a conduit offixed diameter, this pressure drop 
increases with increasing flowrate. Whentheflawinthecondiiitisturbulent(Reynold'snumbCT 
greater than about 2100), certab high molecular wdgjrt polymers can be added to the liquid 
flowing Hirou^ the condmt to reduce the Mctional energy losses and alter the relationshq) 
betweenpressure drop and flowrate. Thesepolymersaresometimesrefisn^dtoasdragreduchig 
agents C'DRAs^, and ttiey interact with the turbulent flow processes and reduce frictional 
pressure losses such that the pressure drop for a given flowrate is less, or the flow rate for a 
given pressure drop is greater. Because DRAs reduce fiictional energy losses, increase in the 
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flow cq)ability of pipelines, hosss and o&er conduits in which litpsds flow can be achieved* 
DRAs can also decrease the cost of pumping fluids, the cost of equqsnent used to pump fluids, 
and provide for &e use of a snaller pipe diameter for a given flow^adty. 

One type of diag redscing ag^ presently utilized is a shiay. Drag reducmg agent 
slurries are those foimedbypolymaizing monomers, preferably alphs olefin monomers, to fonn 
polymers that are subsequenfty ground to a small size and suspended in a liquid vehicle, i.e. 
suspendmg agent Drag reducing agent slurries &cilitate the n^id dispersion of the drag 
reducingagenttfaroughoutlhehydiocarbonbemgtransport^ Whilevarious 
polymerization methods, reactants, partitioning agents, and slurries have been published in flie 
patent literature, many of those methods include components of dn^ieducing agent slurries that 
InmasethecostofproducfkaofthedragreducmgagCTtssluiiy. Imdier, some components of 
drag reducing agent slurries cannot be removed &am the hydrocirbon afker tiiey have been 
introduced into the conduit Iamany,ifnotaU instances, these sluoy components remaining in 
file hydrocari>on foul the hydrocarbon m the conduit, fliereby decreeing the number of uses of 
fhe hydrocarbon and/or the ^ctiveness of the use of the hydrocaibcm. 

Generally, water sokble alcohols, water, glycols, glycerm, and waterAvater-soluble 
alcohol mixtures (referred to herein as •*water-alcohol mixtures'^ aro known in the art as being 
suspending materials. All of these prior attempts have shortcomings. For ejcample, the addition 
of water poses serious implications as it relates to water contamination, i.e., hazing, of motor 
fuel, e.g., gasoline, diesei, andlerosme, inpipeUnes. Other significantproblems associated with 
file mclusion of water in the drag reducing agent slurries inchsde additional wastewater 
generation, thereby requhmg^sposal, mcreasedsystenis corroston^bcreasedbiological activity 
in *%ee-water" Mout areas vMna the pipeline and terminal storage tanks, 

hi odier prior drag reducing agent slurries, small amounts of polar and/or other water 
soluble alcohols have been Eoked with serious biological upsets and resulting operational 
problems due, in part, to food to microorganism balances, undesinAie biological facilitation, 
excessive biological oxygen demand and chemical oxygen ^t^rnpnf\ loading, and bio-mass 
bulkmg within various refineries* activated sludge processes. These refineries depend on 
activated sludge processes as the most practical and efBcient means of treating wastewater 
received and generated withmthe refining processes prior to its rdntroduction, or discharge 
outside of, the refineries. la &ct, some refineries have set strictly enforced limits on drag 
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reducing agents slumes ocHitainingwatar soluble alcohols, glycols, and glycerins received into 
iheir refineries fiom cnzde oil pipelines. 

Additionally, Ifae indusion of water, glycols, glycerin, and water-alcohol mixtures as a 
part of^ar as the entire, suspending agent, generally requires the mchision of other components, 
thereby increasing the cost of formation of flie drag reducmg agent, Jnoeasing potential harm to 
refineries, and mcrea^ cost of refining thehydrocarbondue to fhe cost of removal and disposal 
of these additive& For example, sur&ctants, e.g., nonylphenol ediyoxylate, alkaline metal 
stearates,e.g., magnesnim stearate and calcium stearate used as partitioning agents to reduce the 
potential of the finely ^tniad polymer solids fiom re-agglamecating and thus destabilizing the 
drag reducmg agent shrny, and faiocides are included m some prior drag redudng agent slurries. 
SomerefinerieshavepzduliiBdlheuse of dragreducingagert 

metal stearates in thdr crade oil pipeline because, upon enterix^ ihs refining &cilities, the 
sur fa ctants and alkaline metal stearates are believed to be responable for upset the refining 
process, includmg tiie refinenes vital desalting processes. 

Siloxane oontahiing andfoams are also usually included in prior drag reducing agent 
slurries to reduce or elunmate the potential of foaming within the end user's pipeline system 
following the addition of drag reducing agent slurry. Siloxane containing antifoams are 
objectionable components because they are believed to be respon^le for causing deleterious 
efiTects on various refining processes and facilitate fouling widiin the refining process. 

Generally, all of these additional components are insoluble contaminants in the 
hydrocarbon stream in the pipeline. Such contaminants are undesirable and the art has 
continually sought a drag reducing agent slurry that excludes fliese nndesirable conqxments. 

Another disadvantage of the iprior drag reducmg agent slurries is that fiie ^'shelf-life** of 
these drag reducmg agent slurries are extremely short and ibsy require storage within strict 
temperature ranges. For exanq>le, one prior drag reducing agent sfamy containing miter and 
water-alcohol mixtures as the suspendmg ag^t requires its storage to be withm expensive 
temperature controlled housiQg/contammmt, or contamer/buildmg, to help insure its usability 
and stability, 0.e. between 35-85^ F). Without proper temperatme control m such a storage 
&cility thispriordragreduchig agent slmrybeconies frozen at 0^ 

or microbiologically decomposes and destabilizes/ferments in an uoacceptably short time as 
ambient temperatures moveabove 90^. As known to persons skilled m the art, a large pordon 
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of crude oil is produced in extremely hot legions of ihe ivodd, e.g^ Saudi Arabia, VeneTxiela, 
Texas, Mexico, and Gulf of Mexico, and extremely cold regions of &e world, e.g., Alaska, 
Siberia, and Canada. Accordingly, ihese prior drag reducing ag^slurries axe not suitable for 
use in these environments without additional storage fecilities. 

Another shortcoming of prior drag reducing agent slurries is that the polymer load per 
gallon, i.e., ihe amount of active polymer that can be suspended in agallon of suspending agent 
without the polymer particles re-agglomeratmg, is limited. Applicants are unaware of any drag 
redudng agent sluny that contains greater than about 2.0 pounds of ftis polymer per gallon of 
suqiendmg material. Additionofpolymermamount5greaterfliandx)ut2.0poundsofpolymer 
per gaUon results in an extreniely viscous and unstable drag redudi^ agent slu^ Theability 
to increase flie polymer solids as a ratio to the total weight of ^ sha^ offers improved treating 
performance, better logistical benefits and lower logistical and capital costs. 

Still another shortcoming of prior drag redudng agent slunies is that the drag reducing 
agent slurry is not cqiable of bemg **re-suspended" should the po^mer "sepamte** fi'om its 
suspeudmg material. As prior drag reducmg agent slurries age, Ihe j olymer has a tendency to 
separate by settling to the bottom or xismg to flie top of the tank» orother contamer, containing 
the drag ledudng agrat sluny. When this occurs, the polymer fiirther re-agglomerates and 
cannot be '"re-suspended."" As such, die drag reducing agent sluny is of no value and new, or 
''firesh** drag reducing agent slurry is requned. 

Additionally, none of flie prior attempts provide the suzprisii^y unexpected results of 
using the suspending materials of the present invention. For instance; the suspendmg materials 
of the present invention provide a drag reducmg ^ent slurry -Qiat has an mcreased shelf life, a 
minimal impact on pipeline and refinery operations, and permit formation of a drag reducing 
agent slunies having more active polymer per gallon than any otherprior drag redudng agent 
slurries. 

Accordingly, prior to tiie development of the present invmtioB, fliere has been no drag 
reducing agent slurry, process for forming a drag reducmg agrat sluny, or process for reducing 
drag in a conduit, which: does not negativdyhnpact wastewater tnatnientfiu: 
longer term storage without biolo^cal degradation and temperature destabilization; does not 
insult motor fuels and other refined products; reduces instance of re-agglomeration; and 
provides a more stable drag reducing agent sluny during production, tcansportation, storage, and 
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use. Therefoie, tbe art has sought a drag reducing agent slurry, process fat foiming a drag 
reducing agent sluiry, and process for redudng drag in a conduit, ^ch: does not negatively 
impact ^vaste^er txeatmcnt fiunlities; permits longer term storage ^thout biological 
degradation and temperatum destabilizotion; does not insnh motar fuels and other refined 
products; reduces instances of re-agglomeration; and provides axnoie stable drag reducing agent 
slurry during production, traflBportation» storage, and use. 

While various composents of drag reducing slurries have been used in connection yAHh, 
oertam drag reduciiig agents^ flie inventors are not aware of any patents or publications showing 
alfol alcohols being used as a component of drag reducmg agent sbnries. For example, U*S. 
Patents Nos. 6,172,151; 5;244,937: 5,449,732; 5,504,131; 5,504,132; and 5,539,044 disclose 
certam component of dr^g leducing agent shnries, but do not disclose or suggest the alfol 
alcohols as a component of^&ag reducmg agent slurries. 

SUMMARY OF INVENTION 

In accordance with fta invention. Hie foregoing advantages have been achieved through 
the present process for fonninga drag redudng agent slurry comprising: forming adrag reducing 
agent; and mixiiig the drag xoducing agent wift at least oiie ahfol alcoho 

A further feature of the process for forming a drag reducing agent slurry is ibax the alfol 
alcohol maybe selected &om fiie groaq> consisting of 1-pentanol, 1-hexanol, 1-heptanol, n-octyl 
alcohol, n«nonyl alcohol, and l-decanol. 

In accordance with ti» invention, &e foregoing advantages have also been achieved 
through the present process fir fonnmg a drag reducing agent shmy comprismg: contactmg 
alpha olefin monomer with a catalyst in a reactant mixture; polymeriaing the alpha ol^ 
monomers, wherdn dunng tte polymerization, at least a portion of fte alpha olefin monomers 
polymerize in the reactant mixtare to provide a polyalphaolefiin; mixiiig the polyalphao lefin wifli 
at least one alfol alcohol. 

A further feature of fte process for fonmng a drag redudqg agent slurry is that the 
catalyst may be a transition metal catalyst Another fisaturooffhejrocess for formmg a drag 
redu(mig agent slurry is that transition metal catalyst may be a 2S^ An 
additional feature of the process ferferming a drag reducmg agent sluny is that flieZiegler-Natta 
catalyst may be titanium tridloride. Still another feature of tiie process for forming a drag 
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reducing agent sluny is that flieieactantm^^ Afiirther 
feature of the process for fenning a drag reducing agent shiny is that the at least one co-catalyst 
may be selected from the group consisting of alkylalununaxan^, halohydrocarbons, 
diethyMuminum chloride, and dibutylaluminum chloride, Anothw feature ofthe process for 
forming a drag redudng agent slurry is that the alpha olefin monomers may comprise 
homopolymers, terpolymers or copolymers. An additional feature iof the process for forming a 
drag reducing agent slurry is that the alpha olefin monomm may comprise co-polymers of 1 - 
hexene and 1-dodecene alpha olefins or co-polymers of 1-octene and l-tetradodecene alpha 
olefins. StiUanotiier feature oftfae process for foroiirig a diag reducing agent slur^ 
polyalphaolefin may be an ultra-higih molecular weigjbt po^jAaolefin having an inherent 
viscosity of at least about 10 deciliters per gram and s^y be amoqihous with substantially no 
crystalline particles. A further feature ofthe process for forming aibag reducing agent slu^ 
that Iheproccssinayfiirfiiercomprisetiiestq) of cryogrindi^ 

die polyalphaolefin wiifa the at least one alfol alcohol. StiU another feature of the process for 
forming a drag reducing agent slurry is that the alfol alcohol may be selected &om the groiip 
conasting of 1-pentanol, 1-hexanol, 1 -heptanol, n-octyl alcohol, n-noxiyl alcohol, and 1-decanol. 

In accordance with die invention, die foregoing advantages have also been achieved 
through the present drag reducing agent slurry comprising a polyalphaolefin and at least one alfol 
alcohol. 

A fiirther feature of the dragreducmg agent slurry is tiiattheal&l alcohol maybe selected 
from the group consisting of 1-pentanol, 1-hexanol, l-heptanol,n-oc^ alcohol, n-nonyl alcohol, 
and 1-decanoL 

hi accordance with the invention, the foregoing advantages have also been achieved 
through the present dragreducing agent dmrycomprlsingapnlyalpbanl ftfin At least one alfol 
alcohol formed by mbdng die polyalphaolefin with at least one alfol alcohol. 

A finlher feature of the drag redudng agent slurry is that the alfol alcohol may b e selected 
fix>mthegroupconsistii|gof 1-pentanol, 1-hexanol, l-heptanol,n-oc^ alcohol, n-nonyl alcohol, 
and 1-decanoL 

In accordance witii the invention, the foregoing advantages have also been achieved 
through the present dragreducing agent slurry comprising apolyalphaolefin and at least one alfol 
alcohol formed by contacting alpha olefin monomers with a catal^ in a reactant mixture; 
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polymerizing the alpha olefin monomers, vrfberein during the polymerization, at least a portion 
ofihe alpha olefin monomers polymerize in the reactant mixture to provide a polyalphaolefin; 
and mixing the polyalphaolefin vnlh at least one alfol alcohol 

Afurtherfeatureoffliedragreducmg agent shmy is that t^^ 
fromtfaegroi^consistmgof 1-pentanol, l-hexanol» l-hq>tanol,n-ocfyl alcohol, n-nonyl alcohol, 
and 1-decanol. 

In accordance i^vith the invention. Has foregoing advantages have also been achieved 
trough tiiepresentprocessfoiedocuigdragmacoiidui^ formmg a drag reducing 

agent slurry comprismg a polyalphaolefin and at least one alfol alcohol; and introducing the drag 
reducing agent slurry into the conduit 

A further feature of tiie process &fr redudng drag in a conduit is tiiat the alfol alcohol may 
be selected fiom tiie grot^> consisting of 1-pentanol, 1-hexanol, l^ieptanol, n-oc^l alcohol, n- 
nonyi alcohol, and 1-decanoL 

In accordance vnSi the invention, tiie foregoing advantages have also been achieved 
throughthepresentprocessfbrreducmgdragmaconduit, comprismg: formmg a drag reducing 
agent comprising a polyalphaolefin, wherein the drag reducing agent is formed by contacting 
alpha olefin monomers with a catalyst m a reactant mixture; polymerizing the alpha olefin 
monomers, wherein during tiie polymerization, at least a portion of tiie alpha olefin monomers 
polymerize in the reactant mixture to provide apolyalphaolefin; mixing the polyalphaolefin witii 
at least one alfol al cohol to form a drag reducing agent slurry; and introdu cing the drag reducing 
agent slurry into the conduit 

A further feature of the process for reducmg drag in a conduit is that the alfol alcohol may 
be selected fiom tiie group consisting of l-pentanol, 1-hexanoI, 1-heptanoI, n-octyl alcohol, n- 
nonyl alcohol, and l-decanoL . 

The drag redudng agent slurry, process for &nnii% a drag reducing agent slurry, and 
process for reducmg drag in a conduit have tiie advantages o£ not negatively impacting 
wastewater treatment &cilities; pmnitting longer term storage witiiout biological degradation 
and temperature destabilizatios^ not insulting motor fuels and otiier refined products; reducing 
instances of re-agglomeration; and providmg a niorie stable drag reducing agent slurry during 
production, transportation, storage, and use. 
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DETAILED DESCRIPTION OF THE mVESmON 

The following detailed description refers to certain detak and specific aspects of the 
invention, including specific anbodiments and examples of flie inwntiorL Also, for purposes 
of better understaiidingfheiziventioii, certain terms wiU now be explain Itisto 
be understood that &e invention is not limited or restricted to Ihe specific examples and 
embodiments described below, wliich are included to assist a person skilled in tire art in 
practicing the inventioiL On&e contrary, it is intended to cover dlaHernatives, modifications, 
and equivalents, as may be induded withintiie spirit and scope of Iheinvention as defined by the 
appended daims. 

Hie term ''drag xedodng agenT (DRA) as used herdn sEE&rs to a composition tiiat 
includes at least the fcmnedpolyalphaolefin polymer. The term '^lyalphaolefin*" refers to the 
polymer material formed Igr the polymerization of alpha olefin monomers, and is broadly 
construed to include not only the polyma m its final form, but also any intermediate polymers 
bemg formed, sometimes rrfared to as "oligomers." Preferably, Ub polyalphaolefin polymer 
is amorphous, i.e., the polyal^iaolefin has no crystalline structures, or habits, existing m a single 
phase with substantially no solid particles, and has an ultra-high matecular weight and inherent 
viscosity of 10 dL/g or greatet 

•Ultra-high molecute weight," means a molecular weigjit corresponding to an inherent 
viscosity of at least about 1 0 dUg. Because of the extremely high molecular weight of the DRA 
polymCT, it is difi5cult to refiably and accurately measure the actual molecular weight, but 
inherent viscosityprovidesausefidsqyproximation of molecular^^^ '"Loherent viscosity^ is 
measured using a Cannon-Ubbelohde four bulb shear dilutioii visoDmeter (0.05 g polymer/100 
ml hexane at ZS^'C). Miereittviscosities are calculated for each of the last three bdbs. 
viscosities are then plotted as a function of shear rate. TheplotisAenusedto detemunetiie 
mherentviscoshyatashearisteofSOOsec-l. It is conten^latedfiiat an inherent viscosity of 
lOdUgcorrespondsrougUyloamolecularwei^ofatleastaboutlOQrlS^ Pref^ly, 
the ultm-high molecular w^ht polyalphaolefins have molecular weights even higher, e.g., 
greatertiian25millioiL ThepolyalidiaolefiiisformedprefeRd>lyha:vs 
distribution. Because diGGsreotassumptions about tiie properties of &e polyalphaolefin can yield 
different estimates of molecolar weights, the inventors prefer using inherent viscosity to 
characterize the molecular weights of their drag reducing agents. 
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While Ihe polyalphaolefin polymer may be formed using any method known to persons 
skilled in the art (e.g., using the methods disclosed in U.S. Patents Nos, 3,692,676; 4,289,679; 
4,358,572; 4,433,123; 4,493,903; 4,493,904; 5,244,937; 5,449,732; 5,504,131; 5,504,132; and 
5,539,044, aU of which are hereby incorporated by reference), the polyalphaolefin polymer is 
preferably made in accordance wifli 4e mefcods described in U.S. Patent Nos. 5,869,570 and 
6,015,779, both of which are heieby incorporated by reference. Generally, ihQ polyalphaolefin 
polymer is formed by contacting alpha olefin monomers, e.g., alpha olefins monomers having 
2 to 20 carbon atoms, with a catalyst in a reactant mixture* HomopoJ^oner^ cqpolymeis and 
terpolymers may be used. Prefened alpha olefins include ethylene, propylene, I-butene, 4- 
methyl-l-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tetradecene; coigugated or 
unconjugated dienes such as butadiene and 1, 4-hexadiene; aromatic vinyls such as styrene; and 
cyclic olefins such as cyclobutene. Nfostpreferably, the alpbaolefinmonomers are co-polymers 
of 1-hexene and 1-dodec^ presmt in a 1:1 mole ratio; or co-polymers of 1-octene and 1- 
tetradecene present in a 1 :1 mole ratio. 

In one preferred emboduncnt, disclosed in U.S. Patent No. 6,015,779, alpha olefin 
monomers are contacted with a catalyst and a co-catalyst system having at least one co- catalyst 
While it is contanplated that any catalyst known to persons skilled in the art may be utilized, 
e.g., metaUocene or Ziegler-Natta catalysts, preferred catalysts include transition metal catalysts 
such as those catalysts containmg titanium trichloride, titanium tetradiloride or metallocene or 
combinations thereof Preferably, &e transition metal catalysts are non-metallocene. Titanhm 
trichloride, which is most preferred, has been used for years in making drag reducing agents, and 
is preferably used in an amount ranging firon at least about 100 to 1500 parts per million (ppm) 
based on the weight of all the comjponents, Le., flie alpha olefins, co-catalysts, and catalysts 
supplied to the reactor. 

Co-catalysts have also been used for years to farm drag reducing agents. It is 
contemplated that arxy co-catalyst known to persons skilled in the art may be included with ihe 
catalyst; however,prefored co-catalysts includes one ormore co-catalyst selected fifom the group 
consistmg of all^laluminoxanes, halohydrocarbons, dieifaylaluminum chloride CDEAC^ and 
dibutylalummum chloride (*DIBAC^. As mentioned above, the process of forming the drag 
reducing agent may include no co-catalyst, one co-catalyst, or a plurality of co-catalysts. 
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The alpha olefin monomm miQr be polymerized at m ii^ 
1han25«'C, andpreferably, ataboutor lesslhan l(fC, whereinduiing thepoljanerization, at least 
a pration of the alpha olefin monomers polymerize in the leactant mixture to provide a 

polyalphaolefin. PrefersOjly, the alphaolefinmonomersarepolymerizedatanimtial tempera^ 
of about -S^C. 

Insomeinstan(»s,thepolj^haolefiniscryoground»disclosedinU.S.PateiitNos.U.S. 
PatentsNos. 5^04,131;5^04,132; and5,539,044. AdditionaIty,parthloiungagents, alsolmown 
as coating agents, may be, and preferably are, nuxed wiA the polyalphaolefin. Partitioning 
agents ate compositioiis that help prohibit polya^haolefia polymer particles from sticking 
together in large daapa, thereby &cilifatmg the dispersion of the polyalphaolefin m the 
hydrocarbbnmthe conduit Thepartitiomiigageiitsinaybeaddeddnringpolymerizationand/or 
during grindmg of ibo polyalphaolefin into fine polymer partides. Partitioning agents are 
genetaUy known to persons skilled m flie art and may be inchided m flie reactant nux^ 
ahematively,mixedwiththepolyalphaolefinafterpolymerization. Preferredpartitioning agents 
are alpha olefin monomer partitioning agent having 30 to at least about 65 carbons. In an 
especially preferred anbodiment, alpha olefin monomer partitionmg agent, Le^ alpha olefin 
monomers havhig about 30 to about 65 carbon atoms, is mixed with the polymer prior to addhig 
the suspoiding material to the polymet/partitiomng agoit particles. 

Drag redudng agent slurries are formed by mbdng the drag redudng agent witii at least 
one sluny conqjonent or suspending material Numerous duny conqKments are known to 
persons skilled in fte art Exaniples of suitable slurry conponents are disclosed in U.S. Patent 
Nos. 5,244,937; 5,449,732; 5,504,131; 5,504,132; 5,539,044, aU of xAaxk are hereby 

mcotporated by reference. An additional dunyconqxment, or suspendmg material, is at least 
one alfel alcohol 

M a preferred onbodunaiti after the polyalphaolefin is formed it is combme^ 
preferably under agitation, at least one alfol alcohol to form a drag reducing agent slurry. 
Alfol alcohols are straight-diamed alcohols that are substantially msoluble, or immiscible, in 
water. Substantially msoluble, or immiscible, m water is herem defined as having a solubility 
m water of less than 0.2% by weight of alcohol to water. AdditionaUy, preferably, tiie alfol 
alcohol is substantially pure or neat, i.e, contams less tiian 025% of any additional liquid, gas, 
or solid. Prefened, alfol alcohols of tiie present mvention include 1-pentanol, 1-hexanol, 1- 
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hq3tanoI,n-K)c^aloolif^n<ionyl alcohol, and ^ fa the 

pre&ired embodiment l-hexanol is induded in Ihe drag reducing agent sluny. 

The alfol alcohol may be present in the diag reducing agent sluny at a concentration in 
the range fiom about 40lO% to about 85.0% based xspon tiie weight of alfol alcohol to drag 
reducing agent slurry, ftcferabIy,lheatleastonealfolaIcohoIismixed\vi&the 
to form a drag reducmg agent slurry at a concentration rangmg fix)m about 45% to about 55% 
based upon the weight oCalfbl alcohol to drag reducing agoxt slurry. 

It has been obsoved that the inclusion of 1 -hexanol as the suspending material provides 
the added benefit in thatahould the drag reducmg ag^ sluny separate, i.e^ the polyalphaolefin 
isnotno longer imiformly dispersed thmiigh ntif the gngp i»niHtig ynfitf*ngl g^i^fc tQ i^j^ fapp 
settling of the polyalphaolefin witii no mixing energy applied, the polyalphaolefin can be re- 
constituted back to its original suspended state by sm^Iy re-applying mixing energy, Le., 
applying an agitator. 

Another surprisiiDg and advantageous result of incfaiding 1-hexanol as the suspending 
material is that 1-hexanol, and presumably odier alfol alcohols, demonstrates unique pardde 
wettmg characteiisttei on the polym^partitioning agent particles. This preferendal oil soluble 
surface wetdng of discnte polymer/partitioning agent particles fiidlitatesf the prevention of le- 
agglomeration of thepolpier/partitioning s^entparticleswiudi would produce an imusable drag 
reducing agent slurry. Father, and unexpectedly, die wetted polymer/pardtioning agent particles 
demonstrate an irnpovement in the ability of die polymer/partitioxiin dissolve 
in petroleum streams and become fimctional, and thus provide drag reducing, much &ster after 
introduction into the hydsDcarbon stream. 

StiU another surposing and advantageous resultofincluding 1-hexanol as the suspending 
material is that l-hexanot, and presumably odier alfol alcohols, permit increased percentages of 
polymer per gallon of snspending material. As noted previously, the highest known ratio of 
polymer to suspendmg d^xxt is qqprbximaleiy 2.0 pounds of polymer per gallon of suspending 
agent Usmg a polymerfttmied in accordance with the process disclosed m U.S. Patent No. 
6,015,779 and combmed with al^ha olefin monomer partrtioning agent (purdiased fix>m 
Chevron-Phillips), polyoseE^partitionmg agent particles were fimned by cryogrinding and were 
combmedwithl-hexanoi(4Sgp6lymet/partitionmgagentto65gram Astable 
drag reducing agent sluny was formed bavmg a ratio of polymer to suspending agent of 2.5 
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pounds per gaUon, and in oziesfpecific example, 2.8 poii^ These results represent 

a 25% an4 in at least one case, a 28% increa^ over prior drag redudng a^nt slurries that 
translates into an increase of drag reduction capability with less volume of drag reducing agent 
slurry. 

Additionally, the drag reducing agent slurries of the present invention provided a longer 
shelf life than prior drag reducing agent slurries. Several samples of dragredudng agent slurries 
were prepared using the polymer formed using its process disclosed m U.S. Patent No. 
6,015,779. After the polymer was formed, it was combined with C^o^ alpha olefin monomer 
partitioning agent and cryoground. The ciyoground polymer/partitioning agent particles were 
then combined with the suspending agents listed in TABLE I at a concentration of 45 grams of 
polymer/partitioning a^nt parddes to 65 grams of suspending material Therefore, the only 
difference between each example is fliat different suspendmg materials were selected 

Each drag reducing agent slurry sample was then allowed to set for 30 days at 75^ C 
wiflioutanya^tatioiL After 30 days, eadisamplewasanalyzedtodetoininewhetfaerlh^ 
had re-agglom^rated, and thus, had become unusable. Theresults are shown in TABLE L 

TABLE I 



Suspending Material 



Sluny State 8^30 days at 75"" C 
(Mo agitation) 



Ethanol 

Ethanol- Water Mixture 
(50voU50vol.) 

Butanol(Neat) 

Butanol- Water Mixture 
(50voL/50vol.) 

Methanol (Neat) 

Methanol- Water Mixture 
(50voL/50vol.) 

Isopropanol(Neat) 



Separation/Severe re-agglomeration 
Separation/Severe re-agglomeration 



on 



Separadcm/Severe re-agglomeration 

Separation/Severe re-agglomeration 
Separation/Severe re-agglomeration 

Separation/Re-agglomeration 
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Isoptopanol- Water Mbcbne Separation/Severe re-agglomeration 

(50voL/50voL) 

l-Ifecanol (Neat) Slight Sqjaiation/No re-agglomeration 

As shown in TABLBI^ onlyflie diagiedudng agent shsries containing 1-hexanol (Neat) 
showednoie-agglomerationaflerSOdays- Whileflussampleshowcdslightseparation, because 
fheie was no le-iagglomeration, this sample was capable ofbeingie-suspended, and thus, was still 
usable after 30 days. The other drag reducing agent slumcs, all ofwhich are prior drag reducing 
agent sluiries, all separated and re-agglomerated In &ct, mall but one ofthe samples, the drag 
reducing agents severely re-agglomerated As a result, none of these samples were suitable as 
drag reducing agent sluiries after 30 days at TS^'C . 

Drag reducing agent slurries comprismg a drag reducing agent and at least one alfol 
alcohol may be used to reduce drag in a conduit by adding the drag reducmg agent sluny to a 
conduit containing a hydrocaibon. Additionally, the drag reducmg agent slurry comprising at 
least one alfol alcohol may also be furOier processed by any mefliod known to those skilled in 
the art to be utilized to reduce drag in a conduit 

It is to be understood that the mvention is not limited to the exact details of construction, 
operation, exact materials, or embodimoits shown and described, as obvious modijBcations and 
equivalents will be apparent to one skilled in the art Accordmg^y, the invention is ^erefbre to 
be lunited only by fte scope of tiie appended claims. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A process for fonning a drag reducing agent slurry comprismg: 

forming a polyalphaolefin; and 

mixing the polyalphaolefin ivith at least one alfol alcohol 

2. The process for fonning a drag reducing agent sluny of claim 1,^^^^ 

alfol alcohol is selected fiom the groiq) con:dsting of 1-pentanol, l-hexanol» 1-hqptanol, n-oct^ 
alcohol, n-non}d alcohol and 1-decanoL 

3. A process for forming a drag reducing agent slimy comprising: 

contacting alpha olefin monomer ^th a catalyst in a reactant mixture; 

polymerizing the alpha olefin monomers, wherem during the polymerization, at 
least a portion of flie alpha olefin monomers polymerize in the reactant mixtme to jnovide a 
polyalphaolefin; 

mixing the polyalphaolefinivith at least one alfol alcohol 

4. The process for fomiing a drag reducmg agent slurry of claim 3, wherem the catalyst is 
a transition metal catalyst 

5. The process for forming a drag reducing agent slurry of daun 3, ^^dierein the transition 
metal catalyst is a Ziegler-Natta catalyst 

6. Hie process for fonxung a drag reducmg agent slurry of claim 3, wherein the Ziegler- 
Natta catalyst is titanium tndiloride. 

7. The process for fonning a drag reducmg agent slurry of claun 3 , wherein &e reactant 
mixture includes at least one co-catalyst 
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8 . The pro cess for forming a drag redudng agent slurry of claim 1, wherein the at least one 
co-catalyst is selected from the group consisting of alkylaluminoxanes, halohydrocarfaons, 
diethylaluminmn chloride^ and dibutylalumiimm diloride. 

9. The process for forming a drag reducing agent slurry of claim 3, wherein the alpha olefin 
monomm comprise hornopolymers, terpolyoiefs or copolymers. 

1 0. The process for foimmg a drag reducing agent sluny of claim 3 , \iiierein the alpha olefin 
monomers compise co-polymers of l-he3cene and l*dodecme alpha olefins or co-polymers of 
1-octene and 1-tetradodecene alpha olefins. 

11. The process for forming a drag leduchig agent slurry of claim 3, wherehi ^ 
polyalphaolefin is an ultra-high molecular weight polyalphaolefin having an inherent viscosity 
of at least about 10 deciliters per gram and is amorphous widi substantially no crystalline 
particles. 

12. The process for forming a drag reducing agent slurry of claim 3, further comprising the 
step of cryogrinding the polyalphaolefin prior to mixing the polyalphaolefin with at least one 
alfol alcohol. 

13. The process for forming a drag redudng agent slurry of claim 3, wherem the at least one 
alfol alcohol is selected firom tlie group consisting of 1-pentandl, 1-hexanoU 1-heptanoU n-octyl 
alcohol, n-nonyl alcohol and l-decaxioL 

14. A drag reducing agent slurry conqxrismg apolyalphaolefin and at least one alfol alcohol. 

1 5 . The process for forming a drag reducuig ag^ slurry of claim 1 4, wherem the at least one 
alfol alcohol is selectedfiomthe group consisting of 1-pentanol, 1-hexanol, l-heptoaol^n-oct^ 
alcohol, n-nonyl alcohol and 1-decanoL 
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16. Adiagieducingageiitsluirycoixqirisingap^^ 

fytmsd by misdng fbs po^phaolefin wifli at least one al&l alcdhoL 

17. Theprooessfofi»iimiga<kagredu(±igagentsluiryofcIam 

alfol alcoM is selertedfix)m the groiq) consisting of 1-pentaM 1-iifixanol. l-heptaiiol,n-octyi 
alcohol, n-nonyl alcohol and 1-decanoL 

18. AdiagTedudngagentshnxyconiprisingapolyalphaolefina^ 

formed by contacting alpha olefin monraien with a catalyst m a xeactant mixta^ 

polymerizing the alpha olefin monomers, wfaeiem during the polymerization, at least a 

portion of the a^ olefin monomers polymerize m the leadant mixture to provide a 

polyalphaolefin; and 

mixing the polyalphaolefin with at least one alfol alcohol 

19. TheprocessferfomjmgadragredurangagentsIunyofclaiml8.M*era^ 

al&l alcohol is selected fiom the groiq)consisthjg of 1-pentanol, 1-hexanol, l-heptanol,n-ocl34 
alcohol, n-nonyl alcohol and 1-decanoL 

20. A process for reducing drag in a conduit, comprising: 

forming a drag reducing agent shmy comprismg a polyalphaolefin and at least 
one alfol alcohol; and 

introdudng the drag reducmg agent sluny into the conduit 

21. TheprocessforfominigadragreducmgagentslunyofcIaun20,M*erehi1heatleastone 
alfol alcohol is sdectedfiom the groqiconsistmg of l-penlanol, l-hexanol. l-heptanol,iw)ctyl 
alcohol, n-noi^ alcohol and 1-decanoL 

22. Aproc«ssforreducmgdraginacondiut,cQnq>rismg: 

forming a dr^g reducing agent comprising a polyalphaolefin, wherein the drag 

redudng agent is formed bjr contacting alpha ol^ monomcra with a 
catalyst in a reactant mixture; 
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least a porti<m of Ibe alpha olefin monoinets polymerize in tiie leactant 
mixtnre to provide a polyalphaolefin; 

mixingthepolyalphaolefinivi&atleastonealfolalcoholtofon&ad^ 
agmt dui^ and 

introducing the drag ledudng agent sluoy into the conduit 

23. Theprocessforfi)rmingadiagieducingagentsluriyofclaim22,i!«*eiem 

alfol alcohol is selected fixnn the gronp consisting ofl-pentanol, 1-hexanoI, 14iep(anol,ii-odyl 

alcohol, n-noiQrl alcohol and l-decanbL 
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